Oliver, GD and Di Brezzo, R. Functional balance training in collegiate women athletes. J Strength Cond Res 23 (7): [2124][2125][2126][2127][2128][2129] 2009-This study examined the effects of functional balance training implemented in addition to regular season practice, competition, and strength and conditioning training for collegiate women athletes. Twenty-six members of National Collegiate Athletic Association (NCAA) Division I collegiate women's volleyball and soccer teams volunteered. A pre-test, post-test group design was used for the study. Pre-and posttest measures were the following: Skindex, body mass index (BMI), single-leg squat, prone quadra-ped core test, Biodex balance test, and a 1-minute sit-up test. The intervention consisted of 10 minutes of Indo Board (a dynamic balance board) training 4 days a week throughout the entire season. The volleyball team served as the intervention group, whereas the soccer team had no intervention. A dependent t-test demonstrated a statistically significant (p # 0.05) improvement on the single-leg squat and 1-minute sit-up test for the volleyball team, whereas the soccer team (no intervention) demonstrated a statistically significant (p # 0.05) improvement on the 1-minute sit-up test. It was concluded that by training on an unstable surface, the individual is conditioning the core while simultaneously performing balance activities. It was also noted that, although improvements were seen, each participant (both volleyball and soccer) was also active in regular season practice, competition, and strength and conditioning training over the course of the season. Functional balance activities are cost effective and should be added to any form of strength and conditioning program in an attempt to enhance program effectiveness and to develop functional postural activation.
INTRODUCTION

U
nstable surface training or balance training has become popular in the past few years as a supplementary workout for competitive athletes. For years balance training has been implemented in injury prevention programs and in many facets of the rehabilitation process (3) . It is generally accepted in the realm of sports medicine that any form of balance training will assist in increases in proprioception, kinesthetic awareness, muscular strength, and (more important) core strength. Previously, balance training was only incorporated after injury in attempt to reestablish the neural awareness needed for appropriate proprioception and kinesthetic awareness. However, it is now common knowledge that balance or unstable surface training not only enhances the rehabilitative process, but is also a great exercise for increasing core strength.
The premise behind core strength and balance or unstable surface training is that for one to achieve or maintain balance, then one must have functional postural control. Postural control comes from the appropriate activation and timing of activation of the core musculature. All segmented motions are generated from the core initiation first and then translated to the extremities (1) . Thus it is the effective firing of the core musculature that allows one to not only have postural control, but also controlled segmental movements. Postural control is based on a strong and stable core. The deep muscles of the core innately prevent postural collapse. Balancing on an unstable surface requires strong postural control. Therefore, training on an unstable surface simultaneously trains core musculature.
Often the core is commonly referred to as the lumbopelvic hip complex. The lumbopelvic hip complex is essentially the core to all athletic functioning. It has been described by Wilson, Dougherty, Ireland, and Davis as the transverse abdominis and multifidus that fire first prior to any other limb movement (8) . Thus it would be beneficial if the transverse abdominis and multifidus were strong in functioning for any type of athletic endeavor much less any type of activities of daily living. The importance of the transverse abdominis and multifidus firing first is that these muscles fire subconsciously before the limb is placed in a functional position. Based on the kinetic chain of the body, if the core is functioning properly, then it is more apt to be in a biomechanically correct position. Functioning in a biomechanically correct position is paramount to optimal force production and injury prevention.
Regardless of whether the sport involves more upper-or lower-extremity stress, correct biomechanical positioning is needed. Performing in an optimal biomechanical position is of utmost importance to generate the optimal force production. Optimal force production is the quantifiable outcome; however, with a weak core the individual is undergoing undue compensations in other parts of the body in an attempt to make up for the lack of force production. To perform in an optimal biomechanical position and to reduce undue forces that eventually lead to overuse injuries, the powerhouse of the core must be used. By training on an unstable surface, the individual is conditioning the core while simultaneously performing balance activities. Core conditioning comes innately with the balance training because the ultimate postural control is obtained through a stable core.
Unstable surface types of equipment such as wobble boards, foam rollers, Swiss balls, and balance discs traditionally have been used in the rehabilitative setting. Little evidence suggests that these types of products work well while performing functional activities. For one to train functionally on an unstable surface, the surface has to be large enough and versatile in nature. On examining all the different types of unstable surfaces, the Indo Board was chosen as the surface of choice. An Indo Board balance trainer is a dynamic balance board that has 2 separate entities. One part is the board, which is similar to a mini surfboard but about the size of a traditional skateboard, and the second part is a flow cushion, which is similar to a balance disc. The board is placed on the inflated flow cushion and one attempts to balance without allowing any part of the board to touch the floor.
Balance or unstable surface training is important because balance is specific for every skill (7). Sensory input allows for improvement in balance to occur through refinement in neural training (6) . However, functionally training someone on unstable surfaces has been a challenge for many individuals. Therefore, it was the purpose of this study to develop a functional balance training program on an Indo Board balance trainer and examine its effects on core stability and balance throughout the course of a Division I college volleyball season. The Indo Board training was an addition to all in-season practice, competition, and strength and conditioning training. It was not necessarily that volleyball players alone needed balance and core-specific training for improved sport-specific performance; it was the fact that the incorporation of balance and core training would enhance one's total functional effectiveness, which has been proved to be specific for every skill (7) . This study is one of the first studies to examine functional exercise intervention of an unstable surface in healthy, Division I collegiate women athletes. The research hypothesis was that there would be improvements in performance outcomes on test of core strength and balance and a secondary decrease in injuries sustained over the course of the season for the treatment group-the volleyball team-who participated in the Indo Board balance training.
METHODS
Experimental Approach to the Problem
A pre-test, post-test group design was used for the study. Subjects consisted of 2 different groups, 1 undergoing intervention and 1 with no intervention. The intervention group consisted of 15 Division I women volleyball players. The group with no intervention consisted of 11 Division I women soccer players. The volleyball and soccer teams comprised 2 groups of subjects whose seasons were approximately equal in length and at the same time of year. Participation occurred while all subjects were considered to be in-season. In-season consisted of all subjects participating regularly in practice, competition, and normal strength and conditioning training regimens particular to their sport. Individual dependent t-tests were used for each exercise for each group. The independent variable was the treatment condition (pre and post), and the dependent variable was performance outcome.
Subjects
Twenty-six members of NCAA Division I collegiate women's volleyball (mean age 19.9 6 1.8 years; mean height, 174.5 6 11.9 cm; mean weight, 71.8 6 8.5 kg) and soccer teams (mean age 18.5 6 0.5 years; mean height, 166.4 6 5.6 cm; mean weight, 63.3 6 6.7 kg) volunteered to participate. Subjects from both teams, while participating in the study, were participating in NCAA Division I in-season training. The research intervention occurred during the regular season. Before participation, subjects were informed of all possible risks and signed a consent form approved by the University of Arkansas Institutional Review Board.
Procedures/Pre-Testing
All pre-testing took place prior to the season beginning. All testing was completed in 1 day at the Human Performance Laboratory at the University of Arkansas. Testing combined practical and quantifiable measurements, which included the following: Skindex, body mass index (BMI), single-leg squat, prone quadra-ped core test, Biodex balance test, and a 1-minute sit-up test. Skindex: Measurements were taken at 2 sites, triceps and iliac crest, on the nondominant side. BMI: Derived from the subject's body mass and divided it by height.
Single-Leg Squat: The single-leg squat test (also referred to as the dynamic Trendelenburg test) was used to assess weakness in core musculature (5) . The subject balanced on a single leg while performing a partial squat. The test measured dynamic core strength and pelvic stability. The test was timed, and the test was ceased if the subject displayed anything from trunk lean, contralateral pelvic drop, or femoral adduction and internal rotation. Pronequadra-Ped Core Test: The prone quadra-ped core test was used to assess weakness in core musculature. The subject balanced on knees and hands. Once stabilized, the subject was asked to lift her right hand off the mat and extend her arm out in front of her. At the same time the subject was asked to extend her leg on the same side ( Figure 1 ). Biodex Balance Test: The Biodex balance test performed was the athletic single-leg stability test. The athletic single-leg stability test protocol was used because there are normative values derived from studies using the Biodex Balance System. The Biodex Balance System SP is designed to test and train in both static and dynamic formats. The system can assess neuromuscular control by quantifying the ability to maintain bilateral and unilateral postural stability on a static or unstable surface. One-Minute Sit-up Test: The 1-minute sit-up test was used to evaluate the subject's core musculature endurance. All subjects lie on a mat with knees flexed and feet approximately 12 inches from buttocks. The tester held the subject's feet on the floor and subject's arms were held flat across chest with hands on opposite shoulder. The subject raised the trunk, keeping the arms in position, curling up to touch her elbows to thighs and then lowered back to the floor so that the shoulder blades (upper back) touched the floor. The maximum number of sit-ups performed in 1 minute was recorded.
Training Intervention
All subjects trained for their sport (daily practice and regularly scheduled strength and conditioning) and participated in a full season of competition. In addition, the volleyball team underwent an Indo Board functional balance training intervention to their in-season training. The Indo Board was used in conjunction with a flow cushion. The goal of the protocol was to not allow the board to touch the floor throughout the 10 minutes (Figures 2, 3, and 4) . The intervention began the day after pre-testing and continued through the end of the season. The intervention consisted of 10 minutes of Indo Board training 4 days a week ( Table 1) . The volleyball team performed the Indo Board workout, on the 4 designated days of the week, at the beginning of volleyball practice prior to any warm-up.
Post-Testing
Post-testing occurred 13 weeks after pre-testing at the completion of the regular season. All the tests that were conducted in the pre-testing were repeated in the posttesting. The standard protocols that were performed in the pre-testing were performed again during post-testing. Changes in body weight, body fat, and BMI were all noted in the analysis of the data.
Statistical Analyses
Statistical analyses were performed by using SAS 9.1. Individual dependent t-tests were used for each exercise for each group. The independent variable was the treatment condition (pre and post), and the dependent variable was performance outcome. Significance was set at p # 0.05.
RESULTS
Individual dependent t-tests were performed for both groups. The dependent t-test for the volleyball team demonstrated no statistically significant (p # 0.05) differences in pre-and posttest conditions of weight, body fat, BMI, prone quadra-ped core stability, or Biodex testing for Indo Board intervention. A statistically significant (p # 0.05) difference was noted in the single-leg squat test for both the right and left legs from pre-testing to post-testing and in the 1-minute sit-up test. Pre-test and post-test means for the volleyball team (intervention group) are presented in Table 2 .
The dependent t-test demonstrated no statistically significant (p # 0.05) differences in pre-and post-test conditions of weight, body fat, BMI prone quadra-ped core stability, singleleg squat, and Biodex testing for the soccer team. A statistically significant (p # 0.05) difference was seen between the pre and post for the 1-minute sit-up test for the soccer team. Pre-test and post-test means for the soccer team (no intervention) are presented in Table 3 .
Tracking injuries presented some challenges because recordkeeping prior to the intervention season did not account for time missed for injuries. As a result of scarce injury tracking from the previous seasons, there was no true accountability for all injuries and time missed for injuries.
However, the Indo Board intervention season did show minimal injuries, with the only significant injury being a bulged disc. Significant injury was defined as time loss in competition. The previous 2 years (nonintervention seasons) reported significant injuries of 3 meniscal tears, patella tendon arthroscopy, an ankle sprain, and a foot sprain. Other nonsignificant injuries that were reported in the previous (nonintervention) seasons were shoulder impingements and an abdominal strain. The nonsignificant injuries were of interest to the investigators because of the strong implication core strength has on injuries. During the current season of the Indo Board intervention there was a marked decrease in injury. Thus, one could allude to the fact that core strength was improving based on the Indo Board intervention.
DISCUSSION
The Indo Board functional balance intervention protocol did indeed prove to increase post-testing scores; however, it failed to show statistical significance across all testing. Statistical significance (p # 0.05) was found in the single-leg squat and the 1-minute sit-up test, which is of particular importance. The importance of the significant increase in scores on the single-leg squat and the sit-up is that these were 2 of the 3 tests that were to test core stability/core strength. It should be noted that all subjects, both the intervention and no intervention groups, showed some type of improvement in most of the post-test as compared to the pre-test (Tables 2  and 3 ). However, the overall small increases could be solely a result of the in-season training effect. It should also be noted that both teams participated in regular practice, competition, and strength and conditioning sessions that could have lead to increases in scores. The significant finding of the increase in scores on the single-leg squat or the dynamic Trendelenburg test prove that through the Indo Board intervention, the subjects were able to improve their dynamic core strength and pelvic stability. The single-leg squat has been used repeatedly by researchers to evaluate one's core stability (4, 6, 8, 9) . The prone quadra-ped core test did not show significance as the investigators had hypothesized; however, the validity of the prone quadra-ped core test could be in question. It was noted by the investigators that while evaluating the subjects' performance on the test, it was difficult to control for all variables that affected the evaluation of the core. The single-leg squat, although also subjective, had distinct features that allowed for more scrutiny in the evaluation such as noticeable pelvic drop, femoral adduction, internal rotation, and trunk lean.
The 1-minute sit-up test was used to evaluate core endurance. The statistical significance allowed the investigators to conclude that the intervention did allow for core strength/stability improvements. However, because the situp test basically measures rectus abdominis endurance and not deep core musculature, the investigators did not see as much importance with the sit-up test significance. It should be noted that the soccer team (no intervention group) also showed a significant improvement in the 1-minute sit-up test. The significance across both the intervention and no intervention groups could be a result of the regular regimens of in-season training. Overall the fitness levels of these athletes were not measured prior to the intervention. Therefore it is impossible to assess if the athletes were ''strong'' enough to gain from this intervention. The gains that were expressed, although not statistically significant, may have been a result of strength gains in the superficial musculature.
When dealing with trying to improve core strength, one really wants to focus on the deep muscles of the transverse abdominis and multifidus more than the rectus abdominis. The transverse abdominis and the multifidus are the muscles of the core that fire instantaneously prior to any limb movement. It is the functionality of this musculature that is important in core stability, functionality, and injury prevention.
Many times injuries can be minimized by postural control, and to maintain postural control, a stable core is necessary. Core strengthening must encompass isometric and isotonic conditioning. Isometric contractions should focus on the deep stability muscles including but not exclusive of the transverse abdominis and the multifidus. Implementing a functional balance program on the Indo Board allows for isometric contraction of the anatomical core and thus achieving a stable functional lumbopelvic hip complex.
Motivation could have been a reasonable deterrent in this study. Often in collegiate athletes, the athletes are only focused on their traditional training regimen and adding an alternative form of training usually ends up being neglected. Not only were the athletes introduced to a form of functional balance training on the Indo Board, they also often appeared to not understand the carryover effects of performing to their optimum during the Indo Board intervention. While on the board the subjects had to perform the protocol while balancing the board and not allowing it to touch the floor. The subject could easily perform the protocol on the board while letting the board rest on the floor, thus not achieving any of the intended balance and core training effects.
In addition to the Indo Board training, it should be noted that all participants were in-season and participated in not only practice and competition but also in a regimen strength and conditioning program. Each team had in-season strength and conditioning programs that laid the groundwork for basic strength and functional strength for the specific sport. It should not be overlooked that in addition to season practices and competitions and Indo Board training, the volleyball and soccer teams were also undergoing a regular season of strength and conditioning. It is paramount that one not only develops functional core strength and balance, but that one also has basic total body strength.
PRACTICAL APPLICATIONS
In today's athletic society one must maintain a degree of functional strength and conditioning to be competitive. Functional strength is the efficiency of the neuromuscular system to reduce force, produce force, and dynamically stabilize the entire kinetic chain during functional movements in a coordinated sequence (2) . This functional strength can also be termed postural activation. The simplest way to obtain postural activation is through training on an unstable surface as on the Indo Board. It should be emphasized that training functionally on an unstable surface is a paramount addition to any form of basic strength training. It is not just the athlete mastering the unstable surface through static balance; it should be more of a dynamic form of training. A functional dynamic form of training on an unstable surface will allow for the development of functional postural activation. Rarely, if at all, is one trying to maintain a static balance position in athletic endeavors. However, commonly in the athletic setting one is dealing with moments of instability. If one cannot obtain stability in an unstable environment, then ultimately injury is inevitable. For one to balance on an unstable surface, one must maintain postural control. Therefore, if one is training on an unstable surface, then one is simultaneously training their core musculature. By training on an unstable surface, the individual is conditioning the core while simultaneously performing balance activities. The core conditioning comes innately with the balance training because the ultimate postural control that one maintains is obtained through a stable core.
